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ABSTRACT 
Formaldehyde is a common cause of allergic contact dermatitis in man, but unlike 
many ensitizing agents, it is probably too small to be a hapten. Formaldehyde reacts 
with the primary amino. groups of proteins to form methylol groups or methylene 
bridges. imilar chemical substitutions are known to create new antigenic determinants 
in proteins by changing the net charge and native conformation. This study was 
designed to explore the mechanism of formaldehyde hypersensitivity. N a tiYe rabbit 
serum albumin altered by reactivity with forrnaldehyde-C14 was immunogenic in the 
rabbit. Antisera reacted with a specific fraction of the immunizing antigen obtained 
by cationic exchange chromatography. The moles of formaldehyde taken up by this 
fraction were le s than the number of primary amino O'roups blocked, indicating that 
methylene bridges were formed within or bet\veen molecules. The antiserum to 
formaldehyde-altered RSA did not precipitate with native RSA, acetylated RSA or 
other formaldehyde-altered proteins. Antisera prepared to acetylated RSA did not 
react with formaldehyde-altered RSA. These data sugge t that these antibodies are 
primarily directed toward a new conformation of albumin produced by methylene 
bridges. 
Forrnaldeh~·d is a common cause of allergic 
contact d rmatiti in man. In a series of 100 
pati nt the econd commonest cau e of posi-
tive kin t t reactions was formaldehyde (1). 
erm:1titi · cnn often be related to contact 
with free formnldehyue in clothing, nail hard-
ener · a11cl other ynthetic material (2, 3). 
Und r appropriate condition man can be ex-
perimentally en ~itized to formaldehyde ( 4). 
In mo t experimental studies of contact 
n~itizai ion hnlogenated hydrocarbon have 
b en tke l n en itizing agent . Contact en-
itiYity to the e aromatic compounds repre-
nt delayed h~·per en itivity to a hapten and 
adjacent protein carrier (5). Since formalde-
hyd i a inO'l -carbon compound it is un-
likely to be a hapt n, and the mechanism of 
conta t ~ensitization to formaldehyde should 
differ from thr1t of hapten-protein conjuO'ates. 
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Formaldehyde react readily with the primary 
amino groups of protein to form hydroxymethyl 
(methylol) groups or methylene bridges (6). 
In this respect, formaldehyde resembles the 
acetyl group, which induces new antigenic de-
terminants in proteins by changing the net 
charge and natiYe conformation (7). 
\V e are usinO' two model systems to explore 
the mechanism of formaldehyde hypersensi-
tlYJty: ensitization of the guinea pig to the 
topical application of formaldehyde, and im-
munization of rabbits with formaldehyde-
altered rabbit erum albumin (RSA). The 
latter study is presented here. If immuno-
O'enicity depended upon a new protein con-
formation induced primarily by the chanO'e in 
net ch3rge, the antisera to formaldehyde-
altered RSA hould cross-react with acetylated 
RSA, but if formaldehyde were a hapten, the 
anti ~em hould cross-react with other form-
aldehyde-altered protein . The data presented 
below indicate that neither of these mechanisms 
i re pon ible for the immunogenicity of form-
aldehyde-altered RSA in the rabbit. 
1\HTERIA.LS A...·l'·W METHODS 
R A and ovalbumin were obtained from Pentex, 
Inc.; egg white lysozyme from Mann Research 
Laboratorie ; trinitrobenzene sulfonic acid (TNBS ) 
ANTIBODIES TO FORMALDEHYDE TREATED ALBUMIN 33 
1rom Eastman Kodak Co.; carboxymethyl cellu-
lose (CMC) from Whatman; Sephadex G-200 
from Pharmacia Chemical Co.; Formaldehyde-C14 
and acetic anhydride-C14 from New England Nu-
clear Corp. 
Commercial RSA was purified by chromatogra-
phy on columns of CMC. I~ a representative. ex-
periment, 1.0 gm of RSA m a 0.02 M sodmm 
acetate buffer at pH 5.1 was added to a column 
of 50 gm. of CMC, 3.5 X 50 em, and eluted with 
a gradient to 0.5 M sodium acetate at pH 6.1. 
Protein concentration, as measured by transmit-
tance at 280 m,u. was recorded by an LKB U Yicord 
II. The pooled fractions were dialyzed against 
distilled water and lyophilized. Aliquots were 
analyzed by immunoelectrophoresis employing 
croat anti-rabbit serum (H yland Laboratories). 
Formaldehyde alteration of RSA was performed 
at a protein concentration of 30 mg/ ml in aqueous 
0.5 % formaldeh~·de-C14 • Working solutions of for-
maldeh~·de were adju ted to a specific activity of 
10,000 cpm/ ,uM. After 48 hours at room tempera-
ture. the reaction mixtures were dialyzed against 
distilled water and lyophilized. One hundred ·mi-
crograms of the final product was added to Bray's 
olution and counted in a liquid scintillation 
counter. The final products were identified accord-
ing to the moles of formaldehyde incorporated. i.e., 
F1~RSA signifies 17 moles of formaldehyde per 
mole of R A. rncovered primary amino groups 
in the altered RSA were measured with the TNBS 
reagent as described by H abeeb (8). 
Acet~·lation of RSA was performed at dilute 
protein concentrations in half saturated sodium 
acetate (6). Acebc anhydride-C14 was added while 
stirring at 4 a C and after one hour the reaction 
mixtures were dialy·zed. lyophilized and counted. 
Q,·albumin and egg white l.vsozyme was reacted 
with formaldeh~·de by the method used with RSA . 
The net charge and molecular size of RSA and 
altered RSA wa:-- determined by chromatography 
on columns of CMC, as described above. and 
. ephadex G-200 gel. A 5 x 200 em column of 
~cphadex G-200 gel was used with retrograde flow 
in a tris-buffered saline solution at pH 7.2 (9). 
l\lolecular heterogeneity was evaluated b:v acrylam-
ide gel electrophoresis in a system containing so-
dium dodec~·l sulfate ( SDS) (10). GPls ;yere fixed 
in 50 % tric-h loroacetic acid and stained with 
CoomassiP blue. 
Solutions of F17RSA and AcaoRSA were emulsi-
fied with equal Yolumes of complete Freund's ad-
.i m·ant. and adult rabbits ''ere immunized with a 
total initial inj ction of 1.0 mg of antigen divided 
between four foot pads. R epeated immunization at 
two and six weeks of 1.0 mg of antigen were ad-
ministered in multiple intracutaneous injections. 
.\nimals \Yere bled at weekly intervals and sera 
from "·eeks 4 th rough 8 were pooled for immuno-
(·hemical ~ tudies . A goat was immunized with an 
intramuscular injection of 7.5 mg of native RSA 
in complete Freund's adjuvant and given a second 
injection of the same preparation two weeks later. 
Ouchterlony gel diffusion was performed in 0.6% 
agarose (11); immunoelectrophore is in odium 
barbital buffer at pH 7.6 (12). For the analy is of 
quantitative microprecipitation total nitrogen was 
determined by a modified Lo,yry-Folin method 
( 11). 
RESULTS 
Commercial R A howed multiple bands on 
immunoelectrophore is again t anti-rabbit e-
rum. When applied to column of the cationic 
exchange re in, CMC, equilibrated with 0.02 M 
sodium acetate buffer at pH 5.1, all protein 
adhered to the exchange re in. RSA could then 
be recovered a a single peak durino- gradient 
elution to 0.5 M sodium acetate at pH 6.1. This 
CMC-purified R A gave a ingle band on im-
munoelectrophoresis again t anti-rabbit serum, 
but when studied by ephadex G-200 gel chro-
matography (Fig. 1), or acrylamide gel elec-
trophoresis (Fig. 2), molecular heterogeneity 
was observed. Approximately 5% of the pro-
tein (Sephadex I) was e timated to have a 
molecular weight of 67,000 a judged by its 
mobility in SD acrylamide gels relative to 
markers of immunoo-lobulin light and heavy 
chains (10). The remaining material repre-
sented aggregates of increasing sizes. 
\Vhen CMC-purified R A was reacted with 
formaldehyde-C14 for 48 hours at room tem-
perature, the final product contained 14 to 1 
moles of formaldehyde per mole of RSA as 
judged by the incorporation of the labelled 
i ~otope. If the reaction mixtures were allowed 
to remain for 4 days, isotope incorporation 
doubled. The isotope incorporation appeared 
stable in that repeated counts of the lyophi-
lized products over a two month period re-
mained constant. Acetylation with acetic anhy-
dride could be controlled to yield products of an 
identical degree of ubstitution. FnRSA or 
Ac3oRSA pre~ipitated 0% of a caprine anti-
body again t native RSA, indicating that most 
of the antigenic determinants of native RSA 
were intact in the modified proteins . 
After modification the altered RSA was 
reapplied to columns of CMC u ing conditions 
identical to the original purification procedure. 
A variable portion of the formaldehyde-
altered RSA was not retained on the col-
umn, and the remaining protein was recovered 
during gradient elution (Fig. 3). Acetylated 
RSA did not bind to the column under these 
conditions. 
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SEPARATION OF RSA ON SEPHADEX G-200 
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FIG. 1. Fractionation of rabbit serum albumin (RSA) on a 5 x 200 em column of Se-phad x G-200. The flow rate wa 25 ml. per hour and 12.5 ml fractions were collected. 
FIG. 2. Electrophor i of native RSA. F11 
M 'A' and F1, M 'B' in 5% acrylamidc gels 
containing odium doclccyl sulfate . 
... nti era prepared to F11R A reacted in 
ucht rlony O'el diffu ion with the immumzmg 
an i n and FaoR A, but did not react with 
nativ R A, Aclt,R A or the other formalde-
h rd -alt red protein (FiO'. 4). Antisera pre-
par d to sol r a ted in Ouchterlony 
0' 1 diffu ion with th immunizinO' antigen and 
not with nativ or formaldehyde-altered R A. 
Th FnR A an igen fail d to how reproducible 
quantitati pr cipitation with anti-Fli R A, 
but th initial fraction r covered after CMC 
p~ration, 1\I 'A', proved a O'OOd precipitat-
ing antigen (Fig. 5). ClVIC'B' showed little 
precipitin activity. 
Experiments were directed toward charac-
terization of C~!IC'A' to further define the chem-
ical requirements for precipitin activity. The 
CMC' A' and CMC'B' fractions were of iden-
tical i otope content, but CMC'A' contained 
more covered primary amino group , as meas-
ured by their lack of reactivity with the TNBS 
reagent (Table I). Acrylamide gel electro-
phore i... bowed similar patterns for CMC'A' 
and C~1C'B', each contained aggregates not 
pre ent in the unmodified RSA (Fig. 2). 
De ... pite the appearance of multiple bands on 
acrylamide gel electrophore is, onl~· one peak 
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FIG. 3. Fractionation of F11RSA on a column of 
carboxymethyl cellulose. 
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FIG. 4. Double diffusion in agarose gel. The 
center well contained rabbit anti-F11RSA, and pe-
ripheral wells contained altered proteins at a con-
centration of 0.5 mgm/ ml. 
was obtained by gel filtration chromatography 
of the CMC fractions on Sephadex G-200. 
DISCUSSION 
Native RSA altered by formaldehyde was 
immunogenic in the rabbit, and the resulting 
antibodies did not precipitate with native 
RSA, formaldehyde-altered ovalbumin or form-
aldehyde-altered lysozyme. The lack of im-
munological cross-reactivity with other form-
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aldehyde-altered proteins indicates that the 
antibodies were not primarily directed aO'ain"t 
a haptenic group. The antisera did not pre-
cipitate with acetylated RSA, and conYersely, 
antisera to acetylated RSA showed no reaction 
with formaldehyde-altered RSA. Sri Ram (7) 
demonstrated that acetylated rabbit proteins 
were immunogenic in the rabbit and that im-
munogenicity seemed related to an altered 
conformation induced by non-specific changes 
in net charge. The lack of immunological cros~­
reactivity between the formaldehyde and the 
acetyl ystems suggest that the new pecificity 
of the formaldehyde-altered RSA is not related 
simply to the alteration of charge. 
The new antigenic specificity produced by 
formaldehyde treatment appears to result from 
a new protein conformation conferred by 
methylene bridges. Immunological activity was 
limited to a fraction, CMC' A', of the im-
munizing antigen. Acrylamide gel electrophore-
sis revealed comparable amounts of aggregated 
protein in both Cl\1C fractions, but frac-
tion CMC' A' contained more methylene bridges, 
as indicated by its increased electronegativity 
and the number of covered primary amino 
groups compared to the moles of formaldehyde 
incorporated (Table I). The additional methyl-
ene bridges are probably intramolecular rather 
than intermolecular, but thus far we have 
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FIG. 5. Precipitin curves obtained with CMC fractions of Fl7RSA. The reaction mixtures 
contained 0.03 ml of antiserum in a total volume of 0.1 ml. 
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TABLE I 
A comparison of formaldehyde-C 14 incorporation 
with the number of primary amino groups 
blocked in RSA fra ctions separated on carboxy-
methyl cell1dose 
Amino Groups Moles Formald. 
Covered Per Mole RSA 
(T NBS) (ISOTOPE) 
ft4 CMC 'A' 18 14 
IF 14 CMC 'B' 12 14 
been un::tble to separate the aggregates by gel 
filtration chromatography to determine which 
fraction ha the immunolo(J'ical activity. 
Oth r inve tigator have studied the im-
munoO'enicity of formaldehyde treated and 
aggregated proteins. Habeeb (13), in a recent 
study of the immuno(J'enicity of formaldehyde-
altered bovine serum albumin in the rabbit, 
pre ented ev.iclence for a new protein conforma-
tion r lated to intramolecular methylene 
bridges. However, his altered heterologous 
protein hawed no new immunological specific-
ity in the rabbit. Maurer (14) immunized rab-
bits with heat-aggreO'ated bovine serum al-
bumin and obtained antibodies to a new 
prot in conformation cau eel by partial un-
folding of the molccul . 
Immunochcmieal anal ·sis of contact sensi-
tization has been hindered by the complexitie 
of in vivo experimental system . Most of our 
knowledge is ba eel on studie in which guinea. 
pi(J' are ... en itlzed and tested to hapten-pro-
tein conjugate~ by intracutaneous injections. 
The e fundamenta l observations have been 
mad winO' aromatic hapten , yet if we con-
sider i.h dat:-t of Odom and O'Quinn (1), four 
(formnldehycle, chrome, mercury and nickel) 
of th t n mo ~t common clinical sen itizers are 
probabl~· too small to be haptens. Our data 
d monst r:~te an immunogenic mechanism re-
lated to the formation of methylene brid(J'es 
in native pr tein . It i ea y to envi ion im-
ilar chemical bridging cau eel by polyvalent 
metal ion ~ . 
tudie of the specificity of hapten-protein 
conju at s imply an important antigenic con-
tribution for native protein in aller(J'y to topical 
a(J' nt . 1 1l (5) ha UO'O'e ted that allergic 
contact dermatitis be viewed as autosensitiza-
tion to one's own skin proteins modified by 
chemical sensitizers. Formaldehyde may be par-
ticularly useful in understanding the role of 
native proteins in contact sensitization, be-
cause of the lack of hapten specificity. We are 
currently studying the immunological reac-
tivity of formaldehyde-altered skin proteins in 
guinea pig sensitized by the topical applica-
tion of formaldehyde. 
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